Novel aspects of macromolecular repair and relationship to human disease.
Cellular and humoral defence mechanisms are essential for the survival of individuals and species. Thus, DNA repair prevents mutations and cytotoxicity from DNA damage, thereby reducing the risks of inappropriate cell death, developmental defects, premature ageing and cancer. Similarly, antigen-dependent acquired immune responses prevent infections and also have a role in cancer prevention. DNA repair is highly complex and functions in an intricate network that also involves transcription, replication, cell cycle regulation, and the immune system. DNA damage is repaired by at least four major mechanisms, each requiring many different proteins. In addition there are "subpathways", and back-up mechanisms both within and between pathways. Various defects in DNA repair result in different forms of cancer, e.g. the rare syndrome Xeroderma pigmentosum and the more common diseases early-onset breast cancer and hereditary non-polyposis colon cancer. Surprisingly, recent research has revealed molecular interactions between the ancient DNA repair mechanisms and the much younger acquired immune system. Thus, the classical base excision enzyme uracil-DNA glycosylase encoded by the UNG gene is also involved in somatic hypermutation and class switch recombination, e.g. from IgM antibodies to IgG, yielding secreted high affinity antibodies. Mutations in both alleles of UNG result in a hyper-IgM syndrome with life-threatening infections. Furthermore, it has recently become clear that not only DNA, but also RNA and proteins are repaired. Thus, certain aberrant methylations in RNA are repaired by oxidative demethylation in one step restoring the normal base, and at least in a bacterial model system this increases survival several-fold after exposure to methylating agents. Proteins are repaired both at the peptide amino acid level and at the structural level. RNA and protein repair are likely to be important to prevent the formation of cytotoxic protein aggregates of the types known to cause neurodegenerative diseases e.g. Alzheimer's, Parkinson's and Huntington's diseases, and other diseases as well. In conclusion, recent research has demonstrated an unexpected complexity of cellular defence mechanisms that function in intricate networks, rather than as independent mechanisms. The new knowledge opens for interventions that are based on a deeper understanding of the mechanisms of defence.